1. Introduction {#s0005}
===============

Infective endocarditis (IE) is a disease characterized by high morbidity and mortality. Although first described in the mid-16th century, the Gulstonian lectures by Osler to the Royal College of Physicians in 1885 created the impetus for the systematic study of IE. Beginning in the early 1900s, investigators have frequently reported on the manifestations of this disease.[@b0005] However despite advances during the past century in diagnosis, medical therapy,[@b0010] and surgical treatment.[@b0015] The in-hospital mortality rate for patients with IE is close to 20% with 1-year mortality approaching 40%.[@b0020] Several complications may occur during the course of IE, including embolic events, perivalvular extension, and valvular destruction causing heart failure. These main complications are the cause of the persistent high morbidity and mortality of the disease,[@b0025] prolonged hospitalization and also the main reasons for surgery, which is performed during the active phase of the disease (early surgery) in about half of patients with acute IE.[@b0020], [@b0030] The reasons why TVIE is rare are thought to be the tricuspid and pulmonary valves are not strained because of low pressure; and low oxygen saturation.[@b0035] Nevertheless, reports of TVIE are growing because of the increasing frequency of drug-user patients,[@b0040] also The recent exponential increase in implantable devices such as pacemakers, defibrillators, and indwelling central venous catheters may lead to an overall increase in the number of TV IE cases.[@b0045]

2. Aim {#s0010}
======

To assess the prevalence and the echocardiographic characteristics of tricuspid valve endocarditis among patients presented to the echo lab of Ain Shams hospital from 1-1-2016 to 1-1-2017.

3. Methods {#s0015}
==========

This is a retrospective study which included all patients presented to the echo lab of Ain Shams hospital from 1st January 2016 to 1st January 2017, the total number of patients were 8376, patients with infective endocarditis were 278, and patients with tricuspid valve endocarditis were 51 patients respectively. We studied the prevalence of TV IE patients and their echocardiographic characteristics. Data was retrieved from a locally designed electronic database of cardiology department at Ain shams hospitals.

Complete transthoracic echocardiography was done for all patients. All echocardiographic studies were performed with commercially available echocardiography systems equipped with a 2.5-MHz multi frequency phased array transducer (Vivid 5, GE-Vingmed, Morton, Norway). Routine digital grayscale 2-D was obtained, including mid-LV short axis views at the level of the papillary muscle and standard apical views (4-chamber, 2-chamber, and long axis). Sector width was optimized to allow for complete myocardial visualization while maximizing the frame rate. LV end-diastolic volume, end-systolic volume (ESV), and ejection fraction were obtained with the modified biplane Simpson\'s method from the apical 2- and 4-chamber images using the biplane Simpson\'s technique. Right ventricular size and function were qualitatively graded in the apical four-chamber and subcostal views. Enlargement of the RV was considered mild if the RV was greater than two-thirds of the LV but less than the LV size; moderate if the RV equaled the LV; and severe if the RV was greater than the LV.[@b0050] Right ventricular systolic function was estimated by the attending echocardiographer as normal or reduced, using the following criteria as a sign of RV dysfunction: (a) any RV wall motion abnormalities; (b) descent of base 2.0 cm.[@b0055] Right atrial pressure was estimated by visualizing the inferior vena cava (IVC) and its response to respiration. Right atrial pressure was estimated as 5 mm Hg if the IVC was 2.0 cm in diameter at the junction of the right atrium, 15 mm Hg if the IVC was dilated and collapsed with respiration, and 20 mm Hg if the IVC was dilated and did not collapse with respiration. Estimated PASP was calculated as the sum of tricuspid jet gradient and estimated right atrial pressure.[@b0060] Tricuspid regurgitation was graded qualitatively using Framingham Heart Study criteria: mild if the regurgitant jet area/right atrial area was \<20%; moderate if 20--40%; or severe if \>40%.[@b0065] Vegetation was defined as a, fixed or oscillating mass adherent to a leaflet or other cardiac structure with a distinct echogenic structure and independent motion.[@b0070] The lesion had to be visible in multiple views and detectable during the complete cycle. The measurements of vegetations were obtained in various planes, and the maximal length was used. In the presence of multiple vegetations, the largest value was used for analysis.

4. Statistical analysis {#s0020}
=======================

The collected data was revised, coded, tabulated and introduced to a PC using Statistical package for Social Science (SPSS 15.0.1 for windows; SPSS Inc, Chicago, IL, 2001). Data was presented and suitable analysis was done according to the type of data obtained for each parameter. Parametric numerical data were expressed as Mean and Standard deviation (±SD), while non-numerical data were expressed as Frequency and Percentage.

5. Results {#s0025}
==========

5.1. The prevalence of TVIE and basic demographic characters ([Table 1](#t0005){ref-type="table"}) {#s0030}
--------------------------------------------------------------------------------------------------

Patients with TV IE were 51 patients that constitute 0.6% of all patients and 17.7% of patients with infective endocarditis. Patients with IE were 287, which constitute 3.4% of all patients. The total number of patients underwent echocardiography during the study period were 8376. The mean age of patients with TVIE was (31.1 ± 7.8) years. Patients between 17 and 20 years were 2 (3.9%), patients between 20 and 30 years were 17 (33.3%), patients between 30 and 40 years were 26 (51%), patients between 40 and 50 years were 4 (7.8%), and patients between 50 and 55 years were 2 (3.9%). Males were 46 (90.2%), and females were 5 (9.8%).Table 1Prevalence of TV endocarditis and demographic data.VariableN%TVIE510.6 (of all) and 17.7 (of IE)IE2873.4All patients8376  Mean ± SDRangeAge (years)31.1 ± 7.817.0--55.0  Categories (years)N%17--20.023.920.0--30.01733.330.0--40.02651.040.0--50.547.850.0--55.023.9  SexN%Male4690.2Female59.8

5.2. Echocardiographic measurements and cardiac chambers dilatation ([Table 2](#t0010){ref-type="table"}) {#s0035}
---------------------------------------------------------------------------------------------------------

The mean LVEDD (cm) was 4.9 ± 0.6, the mean LVESD (cm) was 3.8 ± 3.8, the mean IVSD (cm) was 0.8 ± 0.2, IVSS (cm) was 1.2 ± 0.2, the mean EF% was 61.7 ± 8.6, and the mean RVSP (mmHg) was 44.6 ± 16.0. Patients with right atrial dilatation were 16 (31.4%), patients with right ventricular dilatation were 15 (29.4%), patients with left atrial dilatation were 4 (7.8%), and those with left ventricular dilatation were 2 (3.9%).Table 2Cardiac measurements and chamber enlargement.VariableMean ± SDRangeLVEDD (cm)4.9 ± 0.63.6--6.3LVESD (cm)3.8 ± 3.82.2--30.0IVSD (cm)0.8 ± 0.20.6--1.3IVSS (cm)1.2 ± 0.20.8--1.6EF%61.7 ± 8.625.0--77.0RVSP (mmHg)44.6 ± 16.019.0--85.0  ChamberN%Left atrium47.8Right atrium1631.4Left ventricle23.9Righ ventricle1529.4

5.3. Degree of tricuspid incompetence among the studied cases ([Fig. 1](#f0005){ref-type="fig"}) {#s0040}
------------------------------------------------------------------------------------------------

It was found that tricuspid incompetence was presented in all our patients with TVIE. Mild to moderate tricuspid incompetence was presented in 11 patients (21.6%) and severe tricuspid incompetence was presented in 40 patients (78.4%).Fig. 1Degree of tricuspid incompetence among the studied cases.

5.4. Number of vegetations and vegetation mobility among the studied cases ([Table 3](#t0015){ref-type="table"}) {#s0045}
----------------------------------------------------------------------------------------------------------------

Tricuspid vegetations were absent in 2 patients (3.9%) and presented in 49 patients (96.1%). single vegetation was present in 33 patients (64.7%), two vegetations in 9 patients (17.6), and three in 7 patients (13.7%). Mobile tricuspid valve vegetations were found in 38 patients (74.5%) and fixed vegetations were found in 13 patients (25.5%).Table 3Number of vegetations and vegetation mobility.VegetationN%Absent2 (presented with TV abscess)3.9Present4996.1One vegetation3364.7Two vegetations917.6Three vegetations713.7Mobile3874.5Fixed1325.5[^1]

5.5. Vegetation site and size among the studied cases ([Table 4](#t0020){ref-type="table"}) {#s0050}
-------------------------------------------------------------------------------------------

The most common site for tricuspid valve vegetations was the anterior leaflet of tricuspid valve where it was found in 38 patients (74.5%), then the posterior leaflet of tricuspid valve in 16 patients (31.4%), and finally the septal leaflet of tricuspid valve where it was found in 14 patients (27.5%), prosthetic valve vegetations was presented in 3 patients (5.9%). Vegetations were small (\<1.5 cm^2^) in 9 patients (21.6%), and large (\>1.5 cm^2^) in 40 patients (78.4%).Table 4Vegetations site and size.SiteN%Anterior3874.5Posterior1631.4Septal1427.5Prothetic35.9Native4694.1  SizeN%Small (\<1.5 cm)917.6Large (\>1.5 cm)4078.4Not found23.9[^2]

5.6. Other valve lesions and vegetations among the studied cases ([Table 5](#t0025){ref-type="table"}) {#s0055}
------------------------------------------------------------------------------------------------------

Associated pulmonary valve lesion was found in 7 patients (13.7%). associated aortic valve lesion was found in 4 patients (7.8%) while associated mitral valve lesion was found in 7 patients (31.4%). Concomitant aortic valve vegetations were found in 4 patients (7.8%) and concomitant mitral valve vegetations were found in 7 patients (13.7%).Table 5Other valve lesions and other valve vegetations among the studied cases.Valve lesionN%Pulmonary713.7Aortic47.8Mitral1631.4  Valve vegetationN%Pulmonary00.0Aortic47.8Mitral713.7Concomitant mitral and aortic815.7[^3]

5.7. Cardiac complications among the studied cases ([Fig. 2](#f0010){ref-type="fig"}) {#s0060}
-------------------------------------------------------------------------------------

The most encountered complication in patients with TVIE was severe TR which was presented in 40 patients (78.4%), then Pericardial effusion in 14 patients (27.5%), Perforation of cusps in 18 patients (15.7%), Rupture chordae tendineae (RCT) in 12 patients (23.5%), MR in 7 patients (13.7%), and AR in 3 patients (5.9%).Fig. 2Cardiac complications among the studied cases. ^\*^P.effus. = Pericardial effusion. ^\*^RCT = Rupture chordae tendinae.

6. Discussion {#s0065}
=============

Isolated native non-rheumatic TVE is rarely diagnosed in the absence of intravenous drug use, intracardiac catheters or cardiac anomalies. The incidence of TVIE in developed countries varies from 5% in some studies up to 15% in others of all cases of IE.[@b0075] The rarity of tricuspid valve endocarditis (TVE) as compared to left sided endocarditis are attributed to infrequent occurrence of right-sided congenital and rheumatic heart diseases as well as the low pressure, and low oxygen saturation in the right side, which protects the tricuspid and pulmonary valves from being subjected to being excessively strained.[@b0080] The main finding of our study was that the prevalence of TVIE is about (17.7%) of all cases of IE, and is about (0.6%) of all cases attending the echo lab of Ain shams hospitals during the study period. The incidence of TVIE in a similar study of infective endocarditis done in Alexandria main university hospitals for one year, and was about 32% of all cases of IE (16 of 50 patients).[@b0085] but in a previous study extended for 3 years, done in the Cairo University cardiology department by Al-Mogheer et al., the incidence of TVIE was about 9.7% of all IE cases (15 of 155 patients).[@b0090] Multiple factors could have led to variability in this TVIE incidence, including referral and case ascertainment biases, disease misclassification, differences in populations at risk, study designs, and use of different case definitions.[@b0095]

The mean age group in our study was (31.1 ± 7.8) and about 84.3% of patients age was between (20--40) these results are very close to the results in Kaser-Elaini study by Al-Mogheer et al. in which the mean age was (32 ± 13 years),[@b0090] and the study in Alexandria main university hospitals by Mohamed Sadaka et al. where the mean age group was (33.42 ± 11.37).[@b0085] Majority of the researchers from developing countries report a similar age group affected, including Tariq M et al., who found that the overall median age of his patients with IE was 24 years[@b0100] and Koegelenberg et al., who found that Patients with definite endocarditis in his study had a mean age of 37.7 years.[@b0105]

Also the present study showed a higher incidence of IE in males (90.2%) than in females (9.8%) with a ratio of 9:1. This very big variation in ratio may be explained by the specific nature of TVIE which occurs predominantly in IVDAs, which is a problem related mainly to male gender in our society, as most females are grown up in a conservative way in accordance with our religious and culture in our society. Miró JM et al. estimated that the incidence of IE in IVDAs to be about 2--5% per year and is documented that it is responsible for 5% to 10% of the overall death rate.[@b0040] Baddour et al. documented that The majority of TVIE were young, between 20 and 40 years of age, and predominantly men (male:female ratio, 4 to 6:1.[@b0110] His results are concordant with our results here.

Echocardiography plays an important role in diagnosis of TVIE, Habib et al. documented that the two most important diagnostic features of TVE in patients with IVDA are echocardiographic evidence of vegetation, and the presence of septic embolic phenomena.[@b0115] The key echocardiographic finding in tricuspid valve endocarditis is that of vegetation(s).[@b0120] Nabeel Buhari et al. strongly emphasized the importance of blood cultures and echo-cardiography in postpartum patients with persistent fever and in those patients with multiple IV lines and intravenous injections who continue to have persistent fever despite ruling out all the usual causes of fever.[@b0125]

In this study vegetation was present in 49 patients that constitute about 96.1% of patients. Vegetation was absent in two patients, but their echocardiographic reports documented them as TV IE cases; this may be due to embolization of vegetation or very small vegetation. The vegetation were detected more commonly in one leaflet in 33 patients (64.7%) and the anterior leaflet that was the most commonly affected in 38 patients constituting about 74.5% of patients. Moss R et al., found that the anterior leaflet, the largest one is the most frequent site for vegetations to attach, finding similar to our findings her.[@b0120] The size of vegetations in this study was large \>15 mm in 40 patients (78.4%). This mean that tricuspid vegetations tends to be mainly large, finding similar to Moss R et al., study that reveal that Tricuspid vegetations are usually large due to the low pressure in right heart chambers, allowing them to grow and may be in excess of 2 cm.[@b0120] Our finding is also consistent with Panduranga P et al. He reported that Tricuspid vegetations are often large and may be in excess of 2 cm.[@b0130] Increasing vegetation size is major indications for surgery as reported by Habib G et al., Mohamed Sadaka et al. and Al-Mogheer et al.[@b0085], [@b0090], [@b0115] The size of vegetation is also an important indicator for mortality and In one study the main predictors of death in right-sided IE in IVDAs are vegetation size (\>20 mm) and fungal etiology.[@b0135] Also we found that the majority of vegetations were mobile (38 patients 74.5%) this may explain the high rate of embolizations in TVIE. Robbins et al. also documented that Septic pulmonary embolism in patients with TVE occur in 75% to 100% of patients.[@b0135] Native TVIE was present in 46 patients (94.1%), and tricuspid prosthetic valve affection was in 3 patients (5.9%), this percentage of prosthetic valve affection is less that was reported by Mohamed Sadaka et al.[@b0085] where it was about 22%. However, this difference can be explained by the fact that prosthesis is much frequent in mitral and aortic valves than tricuspid valve, and his study included right and left sided endocarditis.

Right ventricular dilatation was present in 15 patients (29.4%). Lewis JF et al. documented that right ventricular dilatation and enlargement is associated with increased mortality.[@b0140]

Concomitant aortic valve vegetations was present in 4 patients (7.8%) and Concomitant mitral valve vegetations was present in 7 patients (13.7%), these results are much higher than the results of Mohamed Sadaka et al.,[@b0085] where Concomitant aortic and tricuspid valves vegetation were (4%) and Concomitant mitral and tricuspid valves vegetation were presented in (2%) of his patients. Also vegetations were present in both aortic and mitral valve in 8 patients (15.7%). The later result is similar to Al-Mogheer et al.,[@b0090] where concurrent mitral and aortic vegetations was about (15.5%) of his patients.

Complications of the TVIE are much less common than left sided endocarditis. In this study the most encountered echocardiographic complication is severe TR which was in 40 patients (78.4%). It was reported that all our patients were complaining of TR ranging from mild TR to severe regurgitations. Lewis JF et al. had documented that moderate to severe TR have worse survival than patients with mild or less TR, regardless of pulmonary artery pressure and LVEF.[@b0140] The reason for higher mortality with significant TR remains to be determined. It is possible that TR is a more sensitive marker of RV dysfunction than is visual interpretation of systolic performance. Also, the presence of TR may mask the decreased contractility of the RV, analogous to the effect of mitral regurgitation on the ability to estimate LV contractility from LVEF. Severe TR is a leading cause of right sided heart failure and associated with poor prognosis. Based on these findings, significant (moderate or greater) TR should be considered an additional risk factor for mortality. Nath J et al. proved that increasing TR severity is associated with worse survival in men regardless of LVEF or pulmonary artery pressure.[@b0145]

Perforations of cusps in 8 patients (15.7), AR in 3 patients (5.9%), MR in 7 patients (13.7%) and Paravalvar abscess in 2 patients (3.9%), this results is discordant with Mohamed Sadaka et al.,[@b0085] where abscess was recorded in 18% of the patients.

7. Conclusion and recommendations {#s0070}
=================================

The incidence of TV IE is increasing with male gender predominance, and affects mainly young age groups. TV IE represented 0.6% of all patients, and 17.7% of IE cases. The main echocardiographic feature of TV IE is vegetations which were characterized by being large, highly mobile, and affecting mainly anterior TV leaflet. The main echocardiographic complication is severe TR, but abscess formation was infrequent. A multi-center prospective study is warranted.

8. Limitations {#s0075}
==============

It was a single center study with relatively small number of patients as well as it was retrospective lacking the follow up data.
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